The USDA food and nutrient databases provide the basic infrastructure for food and nutrition research, nutrition monitoring, policy, and dietary practice. They have had a long history that goes back to 1892 and are unique, as they are the only databases available in the public domain that perform these functions. There are 4 major food and nutrient databases released by the Beltsville Human Nutrition Research Center (BHNRC), part of the USDAÕs Agricultural Research Service.
Introduction
The role of diet and nutrition in the development, prevention, and treatment of noncommunicable diseases such as cancer, obesity, cardiovascular diseases, and diabetes is well documented. According to the WHO, up to 80% of coronary heart diseases, 90% of type 2 diabetes, and 33% of cancers could be prevented through diet and physical activity (1) . Food and nutrient databases provide the basic infrastructure for food and nutrition research, nutrition monitoring, and dietary practice (2) . In general, these databases may include food descriptions, nutrients or other dietary constituents of interest, and portion weights. The USDA has provided food and nutrient databases for foods in the American diet for over 115 y. These databases are unique, as they are the only databases available in the public domain that support these functions. The Beltsville Human Nutrition Research Center (BHNRC) 3 , part of the USDAÕs Agricultural Research Service (ARS), is responsible for a considerable portion of this work. The purpose of this review is to provide the scientific community a comprehensive overview of the USDAÕs food and nutrient databases; their use in nutrition policy, food and nutrition research, and dietary practice; and the current state of the databases.
USDAÕs Food and Nutrient Databases
The USDAÕs role in food composition databases goes back to 1896 when the first comprehensive USDA bulletin was published on the composition of American foods by Atwater and Woods (3) . These databases have evolved with the changing American diet, food environment, and public health needs. At present, there are 4 major food and nutrient databases released by 2 laboratories within BHNRC. The Nutrient Data Laboratory (NDL) compiles and disseminates the USDA National Nutrient 
USDA National Nutrient Database for Standard Reference (SR)
The SR is the major source of food composition data in the United States. It provides the foundation for most food composition databases used in food policy, research, dietary practice, and nutrition monitoring. This database is updated yearly and the latest version is release 25. It contains data for more than 8000 food items and up to 146 nutrients and food components. The food composition data are derived from USDA contracted analyses, the food industry, and the scientific literature (4) . The National Food and Nutrient Analysis Program (NFNAP) generates original analytical data for foods and dietary supplements sampled nationwide through a multi-stage probability sampling plan to support the estimation process, because comprehensive profiles for foods and dietary supplements are not available from other sources (5) . Food items consumed specifically by minority population groups, such as Hispanics and Native Americans, and nutrient composition information for single ingredient meat and poultry cuts as mandated by the USDA also have been incorporated into SR. A subset of this dataset, comprising~3000 food and beverage items for 65 nutrients and food components, provides the basis for the FNDDS, the database used to code dietary intakes and calculate nutrients for the What We Eat In America (WWEIA), the dietary component of the NHANES (4).
Dietary Supplement Ingredient Database (DSID)
The DSID provides information on analyzed amounts of nutrients in dietary supplements used in the US. It is intended mainly for research applications. At present, the database provides analytically validated values for adult and childrenÕs multivitamin/mineral products. Work is in progress to expand products available to include (n-3) fatty acid products and prenatal vitamins. One of the main benefits of DSID is that users can merge the data with NHANES datasets to estimate total nutrient intake from food and supplements for the U.S. population. DSID has been developed in collaboration with the Office of Dietary Supplements (ODS) at NIH and other federal agencies (6, 7) .
In addition to these major databases, NDL also releases special interest databases, where the information may be focused on a specific class of components, generally bioactives of current research interest for a short list of foods (150-500 foods). For example, the USDA Database for the Flavonoid Content of Selected Foods was made available last year. It provides data for 500 food items for 26 selected, commonly occurring compounds organized into 5 classes of flavonoids (8) .
Food and Nutrient Database for Dietary Studies (FNDDS)
The FNDDS is a database of foods, their nutrient values, and weights for typical food portions. It is the underlying database for the USDA Automated Multiple Pass Method (AMPM) instrument used for collecting 24-h recalls from the survey respondents in WWEIA, NHANES. FNDDS is used to code the food intake data and calculate the nutrient intakes based on the foods and amounts reported in the survey. The database contains >7000 foods and beverages and 65 food components for each of these foods and >30,000 portion weights. (11) .
Role in national nutrition monitoring
The federal government in the US carries out several nutrition monitoring-related activities. Data from these activities are essential for monitoring the health and nutritional status of the U.S. population and formulating and evaluating policy in the areas of food safety, food fortification, food labeling, and food assistance programs, among others (12) (13) (14) . USDA has been responsible for nutrition monitoring through food consumption surveys since the National Food Consumption Survey was conducted in 1935 (15) . The Department of Health and Human Services (DHHS) has conducted the NHANES program designed to assess the health and nutritional status of the U.S. population since the 1970s. USDA food composition data have been integral for all federal dietary surveys conducted by USDA or DHHS (16). Figure 1 lists the 4 major elements in the current food and nutrition-related monitoring system in the US by purpose. Table 1 identifies the federal monitoring system associated with these purposes in the current framework and the role the databases described above play in each of these (17) (18) (19) .
The National Nutrition Monitoring and Related Research Act of 1990 required the USDA and DHHS to implement a coordinated program of nutrition monitoring activities in the US (14) . As of 2002, an integrated NHANES or WWEIA, NHANES is the centerpiece of nutrition monitoring in the US. It provides continuous information on food and supplement intake and nutritional status (biochemical, anthropometric, clinical, and functional) in the US. These data have been extensively used by federal agencies, private industry, and academia for many purposes. A search on PubMed for ''NHANES'' and ''Dietary'' yielded ;11,600 results. A brief look at recent publications in the past 3 mo using nutrition-monitoring data indicates a varied scope. It includes the study of food and dietary intake patterns such as examining energy intakes from restaurants (20) , usual intake of fish and shellfish (21) , trans-fat intakes in the US (22) , and dietary intake and dietary quality of low-income adults in the Supplemental Nutrition Assistance Program (23); study of diet-disease relationships such as examining the association between diet quality and cardiovascular risk factors (24) , breakfast and obesity (25) , and sodium and hypertension (26) ; and development and validation of research tools such as evaluating and validating a diet quality index (27) , among others. Although many of the uses of the data are available in the scientific literature, many of the other uses either do not lend themselves to publication in scientific literature or are not published. Some of the current uses specifically related to the databases are included in the section below.
Other uses and applications USDAÕs food and nutrient databases are used for many purposes other than national nutrition monitoring.
Public policy. The databases are used in various aspects of food, nutrition, and health policy. Below are a few examples:
d Dietary recommendations for the U.S. public-These include the Dietary Guidelines for Americans and Dietary Reference Intakes, the basis for federal nutrition policy. Food composition data from the SR, FNDDS, and MPED are key to their development. For example, the addition of choline and vitamin D to the databases led the Institute of Medicine to establish recommendations for these nutrients. They are used to provide food profiles, food sources, and intakes of food groups, nutrients, and dietary components by the U.S. population (28, 29) . The CNPP, USDA uses the databases to develop nutrition guidance and education for the general public (30) . FPED provides a tool to assess intakes of the U.S. population in relation to the dietary recommendations.
d Food assistance programs-The databases play an important role in several aspects of these programs. For example, information from the databases such as added sugars and fat components and research thereof are used to improve USDAÕs food assistance programs and the Department of DefenseÕs feeding programs. USDA Food Patterns and Thrifty Food Plans (CNPP, USDA), based on FNDDS and MPED, provide meal plans that comply with current dietary guidance at different cost levels and the cost associated, respectively. The Thrifty Food Plan is the basis for Supplemental Nutrition Assistance Program allotments (30) . The Child Nutrition Database, developed by the Food and Nutrition Service and based on SR, is used to create plans for meals at schools and daycare centers (31) . USDA databases are also used to estimate the cost of reimbursable meals (32) . (43, 44) . The use of the databases in research is expected to grow exponentially as the use of ASA24, described later, increases.
d In recent years, the databases have been used for economic research, such as to study the impact of price on food and nutrient consumption and obesity, intakes of commodities, and the economics of healthy food consumption. The FICRCD described above converts foods reported in WWEIA d Serving size information on all food labels represents the amount of food customarily consumed at one eating occasion or Reference Amounts Customarily Consumed (RACC). The FDA has established RACCs for 139 food product categories based on amounts reported in national surveys (46) . The accuracy and validity of the RACCs depend on the food amounts reported by the respondents collected through AMPM and coded using FNDDS.
d Regulatory agencies like the FDA and EPA use exposure assessments and probabilistic modeling to determine the percentile intakes of contaminants or substances of interest. The FDA has recommended that the food industry use these data to support the safety of additives. Its pre-market approval processes for food and color additives require an estimate of probable consumer intake (47) . FNDDS foods and intakes are used by the FDA to determine the market baskets for its Total Diet Study, which is designed to determine the intakes of contaminants and elements (19). The EPA has developed and is now updating the Food Commodity Intake Database in partnership with BHNRC for assessment of dietary exposures to pesticide residues. The Food Commodity Intake Database converts FNNDS foods in terms of food commodities rather than as foods consumed (48) . d SuperTracker and Food-A-Pedia (CNPP, USDA), consumer-friendly interactive online dietary assessment and food information tools. The SuperTracker tracks the foods you eat and compares with your personalized nutrition targets, whereas the Food-A-Pedia provides nutrition information for >8000 foods and allows the consumer to compare them. The SuperTracker has reached >1 million registered users in 9 mo of its public veiling (55) . FNDDS and MPED are the underlying databases for these tools (30) . 
Major Stakeholders and Users
The users of the USDA databases are diverse and include federal and state agencies; consumer groups; for-profit businesses such as the food industry, restaurants, trade organizations, and database and software application developers; nonprofit organizations such as hospitals, academia, and research; and international organizations and foreign governments, among others. The federal agencies include agencies within the USDA such as the CNPP, ERS, Food and Nutrition Service, and FSIS. Non-USDA agencies include the CDC, FDA, and NIH institutes including the NCI and ODS, among others. Table 2 lists some of these stakeholders and gives examples of the partnerships/projects. The details of some of these projects were discussed in the section above. Many of these users/stakeholders have partnered with BHNRC to leverage funds and/or scientific expertise to work toward common goals. The center has been successful in building a network of partners and stakeholder involvement. More than onehalf of NDLÕs funding for food analysis research is provided from external sources, whereas most of the supplement ingredient research funding is from external sources. The NFNAP has been conducted by NDL in cooperation with the NIH, CDC, and FDA since 1997. NFNAPÕs goal is to improve the quality and quantity of analytical data in the USDA food composition databases. Foods that are major contributors of nutrients of public health significance are targeted for nationwide sampling and analysis based on food consumption and composition data (5) . NDL routinely collaborates with other labs for developing analytical methods and reference materials and with universities for sampling and analytical work. For example, Virginia Tech and Texas A&M Universities provide sample handling and preparation expertise, while Tufts University partners on vitamin K analysis. Similarly, a consortium of federal agencies, ODS/NIH, ARS/USDA, NCHS/CDC, FDA/DHHS, NCI/NIH, and the National Institute of Standards and Technology of the Department of Commerce, provides leadership for the DSID. ODS, NIH provides almost 100% of the funding for DSID (7) . These partnerships build on NDLÕs expertise in nationwide sampling and expertise in developing food composition databases. Collaborations with the meat industry have enabled the strengthening of the analytical base for beef and pork. These data are the primary support for FSIS efforts and those of the retail meat industry to initiate single-ingredient meat labeling in 2012 and are the official U.S. data for beef marketing, nutrition monitoring, and other studies of the effects of beef in human health. Partnerships also exist with many food manufacturers such as KelloggÕs, General Mills, and Campbells. Through these partnerships, the companies provide NDL updated food composition label data for some of their products. nent of NHANES, WWEIA, is conducted as a partnership between FSRG/ARS/USDA and NCHS/DHHS. The DHHS is responsible for the sample design and data collection and the USDA is responsible for the surveyÕs dietary data collection methodology (AMPM), maintenance of the database (FNDDS) used to code and process the data, data review, and processing. The USDA is also responsible for funding for the second day of dietary intake data, needed to develop variance estimates and calculate usual nutrient intakes (12) . Similarly, the FPED is being retooled with funding support from several agencies, including NCI and CNPP, and FICRCD was developed in cooperation with ERS. These collaborations draw on the expertise of FSRG staff in developing food and nutrient databases for the national surveys. The cooperators provide scientific consultation and partial resources. These efforts need to be continued and expanded.
Current State of the Databases
The traditional intent of the databases is to provide representative nutrient estimates at both the food composition and food consumption levels. The use of the databases has increased tremendously in the past few years, especially the breadth of uses. They are being increasingly used for purposes they were not originally designed for, such as reporting intakes at individual levels or to assess intakes of foods at an increased level of specificity and detail. There is increasing pressure on the databases to be a continuous tracking mechanism rather than providing snapshots as public health officials look for associations between food supply changes and health outcomes. These new uses of the data are bound to increase with greater availability of technology and public health emphasis on diet-related measures such as sodium and energy reduction. Keeping up with the pace of changes in the U.S. food system is a major challenge. According to Ng and Popkin (61) , there are >85,000 uniquely formulated foods in the marketplace. There is increased consumption of commercially packaged foods, foods away from home, and ethnic and functional foods. The changes in food technology such as functional ingredient formulations, product reformulations, and fortification of products have been tremendous. With these changing needs, variability in nutrient composition and portion size weight data are of concern. Increased specificity and broader coverage is needed in the databases. These changes exacerbate research needs for the databases, especially for brand name or product-specific data, restaurant data, school foods, and ethnic foods. In addition, the currency of the databases is ever more crucial for making policy decisions and keeping up with the fast-paced changes in the food market and food environment.
The databases have met many of these challenges. As part of the NFNAP program, >1200 foods have been analyzed since 1997. These include many commercial brand name foods, ethnic foods such as Latino and Chinese foods, and foods from fast food and regular restaurants. These data from nationwide sampling have replaced old analytical data from published literature and small research studies, thereby improving the statistical power of the data and leading to improvements in accuracy, reliability, and breadth of the data. Similarly, there is an increased emphasis on the inclusion of more commercial brand name and restaurant foods in the FNDDS. These efforts need to be continued and expanded. A comprehensive plan to expand the scientific basis for the data to improve the statistical power of the mean and the variability estimates needs to be developed and implemented. At the same time, databases need to be developed for new, emerging health components.
Sampling one food nationwide and the nutrient analysis costs ;$17-20,000. Internal and external funding cannot keep pace with the depth and breadth of the expanding uses for these databases and the diverse and dynamic U.S. food system. Given budgetary constraints, creative efforts are needed to further address these research challenges. Discussions are needed to plan systems and strategies to systematically deal with these issues.
There needs to be an increased awareness of the role of the databases among the scientific community and policy makers. This is important to ensure continued and enhanced funding. Journals, editors, peer reviewers, and scientists need to be made aware of the importance of the databases. Many authors fail to reference the databases, which masks the magnitude of their impact on research. Increased coordination with research partners and stakeholders is needed to promote their importance. A strategic plan is needed for marketing the databases, including their core values, purposes, goals, objectives, and outcomes.
In conclusion, the USDA food and nutrition databases play an important role in national nutrition monitoring, national food policy, and regulation. They provide the basic infrastructure for food and nutrition research and dietary practice. The users of these databases are diverse and include both public and private stakeholders. Many partnerships and collaborations have been developed with key stakeholders to leverage funds and work toward the common goal of improving the databases. The use of the databases has increased exponentially in the past few years, especially the breadth of uses. The funding for the databases has not kept up with the new and increased uses. These new uses of the databases are bound to increase with greater availability of technology and public health emphasis on diet-related measures such as sodium and energy reduction. The databases have evolved with the changing American diet, food environment, and public health needs. These efforts need to be continued and expanded.
